We analysed short-period seismograms from about 250 very local events recorded by a network of high dynamic range short-period seismic stations deployed on Mt Vesuvius to estimate the site-corrected short-period seismic attenuation. We calculated Q {1 C , the inverse of the quality factor for coda waves, for short lapse times (12 s), and Q {1 P and Q {1 S , the inverse of the direct body wave quality factors for P and S waves following shallow ray paths. We used the single scattering assumption to ¢t the amplitude envelopes of the coda at di¡erent frequency bands, obtaining a Q {1 C slowly varying with frequency, similar to values measured for other volcanoes at the same lapse time. Sitecorrected Q {1 P and Q {1 S were estimated using the frequency decay method for both P and S waves in two frequency bands, 1^6 Hz and 15^24 Hz. Results show that Q {1 P is 0X028 in both frequency bands, and Q
S U M M A RY
We analysed short-period seismograms from about 250 very local events recorded by a network of high dynamic range short-period seismic stations deployed on Mt Vesuvius to estimate the site-corrected short-period seismic attenuation. We calculated Q {1 C , the inverse of the quality factor for coda waves, for short lapse times (12 s), and Q {1 P and Q {1 S , the inverse of the direct body wave quality factors for P and S waves following shallow ray paths. We used the single scattering assumption to ¢t the amplitude envelopes of the coda at di¡erent frequency bands, obtaining a Q {1 C slowly varying with frequency, similar to values measured for other volcanoes at the same lapse time. Sitecorrected Q {1 P and Q {1 S were estimated using the frequency decay method for both P and S waves in two frequency bands, 1^6 Hz and 15^24 Hz. Results show that Q {1 P is 0X028 in both frequency bands, and Q
{1
S is 0X015 and 0X017 at low and high frequencies respectively, almost independent of the frequency, and that the value of Q {1 P is about twice that of Q {1 S , as measured worldwide. A check was made by measuring the broadening of the ¢rst P-wave pulse with station^source distance, ¢nding Q {1 P~0 X024. Using the independent estimates of Q {1 C and Q {1 S , we separated the intrinsic from the scattering quality factor at Mt Vesuvius, obtaining a high scattering and a low intrinsic Q {1 , as already observed for other volcanoes. This result con¢rms the hypothesis of the predominant role of the scattering phenomena with respect to the intrinsic dissipation in the seismogram formation for volcanic earthquakes.
INTRODUCTION
Mt Vesuvius is one of the most potentially dangerous volcanoes in the world. Its past eruptions caused much damage to the surrounding towns. Most famous is the eruption in 79 AD, which destroyed the towns of Pompeii, Ercolano and Stabia. At present it is in a quiescent state, characterized by a low level of seismicity, by the absence of ground deformation and gravity changes, and by moderate fumarolic activity located inside the crater rim. Its tectonic setting is described in Hyppolite et al. (1994) . Mt Vesuvius is located in the Campanian Plain, which is characterized by tensional Quaternary tectonics with the main fault systems trending NW^SE and NE^SW. Due to its proximity to the highly populated city of Naples, monitoring for any change in geophysical parameters must be taken seriously to detect possible precursors of the next eruption. As is well known, seismicity is one of the most important observations in volcano monitoring. The migration of earthquake foci and the presence of volcanic tremors and of earthquake focal mechanisms di¡erent from the classical double couple (long-period or low-frequency events) are considered as important precursors of possible eruptions. Consequently, it is very important to separate the source from the path and site e¡ects, in order to study the source properly. Moreover, the attenuation structure has potential as a tool for understanding the physical conditions of rocks. This understanding assumes peculiar importance for volcanoes, where the rocks may undergo signi¢cant changes in elasticity prior to an eruption.
The main phenomenon a¡ecting the seismogram shape is the seismic attenuation, generally parametrized through the inverse of the quality factor of the Earth medium, Q. Q {1 accounts for both anelasticity (the energy lost by dissipation) and scattering (the energy di¡used by Earth heterogeneities) (Lay & Wallace 1995) . Scattering produces the coda of the local earthquakes. Its shape is controlled by the number of scattering centres and their strength (Sato & Fehler 1998) and it is parametrized through the coda decay parameter Q In order to obtain a separate estimate of intrinsic and scattering attenuation, a scattering model is necessary. Sato (1991) derived an analytic formula, including multiple scattering of any order in 2-D space. Zeng (1991) found an integral solution for the multiple scattering coda excitation in a 3-D uniform random medium. Hoshiba (1993) , assuming a multiple isotropic scattering model, separately estimated the intrinsic and scattering attenuation parameters in Japan, using multiple lapse time window analysis (MLTWA) applied to short-period data.
Fitting the scattering model of Zeng (1991) to the experimentally evaluated coda envelope, and contemporaneously measuring the direct S-wave attenuation factor, Q {1 S , Wennerberg (1993) showed that it is possible to separate the relative contributions of scattering and intrinsic e¡ects. The experimental results indicate that the intrinsic and scattering attenuation parameters are not always in the same ratio and that both parameters decrease with increasing frequency over the range 1^20 Hz. Results from seismic attenuation studies performed on active volcanoes show that the total attenuation coe¤cient is generally higher than in the surrounding areas (Sanders 1993) . Mayeda et al. (1992) found the same order of magnitude for Q
{1

Intrinsic and Q
{1
Scattering for the lithosphere at Hawaii and Long Valley. Canas et al. (1998) found a higher Q
Intrinsic than Q
{1
Scattering for the lithosphere at the Canary Islands. All the above results are interpreted in terms of the presence of magma beneath each investigated area. At shallower depths, at Mt Etna and Campi Flegrei, Q {1 Scattering seems to prevail over Q
Intrinsic (Del Pezzo et al. 1995) .
In the present paper we use seismograms of very local earthquakes to estimate the site-corrected quality factor for the shallow geological structures beneath Mt Vesuvius, and obtain an order of magnitude estimate for scattering and intrinsic attenuation. The Vesuvius area is then compared with other similar regions.
We apply the 2-D multiple scattering model (Sato 1991) to the coda envelopes of local earthquakes, under the hypothesis of a predominant surface propagation of the scattered waves, in order to estimate Q {1 C . Q {1 P and Q
S are calculated from the slope of the spectral shape, checking the results using the pulsebroadening method for the P waves (Wu & Lees 1996) . Results indicate a predominant scattering mechanism of attenuation.
DATA
The seismic monitoring network of Mt Vesuvius is actually composed of 10 low dynamic range (60 dB) stations telemetered to the Data Analysis Center (Centro di Sorveglianza) and seven high dynamic range (120 dB) digital stations, with local recording. Sensors are 1 Hz Mark L4-C vertical component for the low dynamic range stations and 1 Hz Mark L4-3D for the others. All seismometers are set up at 70 per cent of critical damping and share the same response curve. Digital stations sample the seismic signals at 125 sps, with a low-pass anti-alias ¢lter at a cut-o¡ frequency of 25 Hz.
The seismicity of Mt Vesuvius has been characterized for the past 50 years by low-magnitude (up to M L~3 X4) earthquakes with an epicentral location close to the crater area and depths shallower than 6 km (Bianco et al. 1998) . Fault plane solutions show a good agreement with the double-couple model and orientations in agreement with the regional tectonics (Bianco et al. 1998) . Due to the very high cultural noise level, originating from the position of Mt Vesuvius close to the city of Naples and its suburbs, many of the seismic recordings show a low signal to noise ratio. For the present analysis we used the records from the digital stations, and visually selected the events with the best signal to noise ratio. 256 seismic events recorded in the period January^December 1996, with local magnitude in the range {0X4 to 3X2, located using the P-wave onsets from all the available stations and S-wave onsets, when readable, from the 3-D stations, were used for the present analysis. Sample seismograms are shown in Fig. 1 . In Fig. 2 a map of Mt Vesuvius with hypocentral locations and station positions is shown.
METHODS
3.1 Q {1 C analysis As has been known for almost 20 years, the envelope of the S coda ¢ltered at a given frequency band centred at a frequency f shows a decaying exponential shape, which is given by where Q
{1
C is the coda decay factor, f is the frequency, t is the time elapsed from the origin time, or lapse time, and n is close to 0.5, 1 or 0.75 depending on the dominance of surface, body or di¡usive waves respectively (Sato & Fehler 1998) . Even though most researchers ¢x n~1, under the hypothesis of a dominance of body waves for the S coda, the surface wave contribution may be important in the early coda (Campillo & Paul 1992) .
Relationship (1) with n~1 corresponds to the 3-D single-scattering model under the hypothesis that the coda is composed of waves scattered at uniformly distributed heterogeneities, in a constant-velocity earth medium (Aki & Chouet 1975) . In this case, Frankel & Wennerberg (1987) 
Intrinsic . For n~0X5, relationship (1) corresponds to the complete multiple scattering solution in two dimensions, under the hypothesis of a uniform distribution of scatterers, isotropic scattering and uniform background velocity. In this case Q {1 C assumes the physical meaning of Q
Intrinsic of the medium (Sato 1993) . Q {1 C ( f ) can easily be estimated by ¢tting the ¢ltered envelopes of the coda to relationship (1) (Aki & Chouet 1975) .
Total attenuation and site correction
The amplitude spectrum, A ij ( f ), observed at the jth station for the ith seismic event can be written as (Bath 1974 )
where G ij is the geometrical spreading term (which in a uniform medium can be approximated by 1/D ij , D ij being the distance between event i and station j ), K i ( f ) is the source, S j ( f ) is the site response, I j ( f ) is the instrumental transfer function, t Ã ij~Dij /Qo is the term taking into account the attenuation along the path i{j, Q is the quality factor averaged on the path D ij and o is the average wave velocity. For f`f c , where f c is the corner frequency, K i ( f ) can be approximated by a constant, K i . Taking the natural logarithm and averaging over the seismic events, we obtain:
where S F F FT i is the average over the index i. Taking the average of ln A ij over i and j, we obtain
In eq. (4) Sln K i T ij~S ln K i T i , and the site response term is suppressed under the simplifying assumption that the site reference spectrum can be estimated well by the spectrum averaged over stations and earthquakes. This assumption can be considered as strictly valid when the log-averaged spectrum (over the stations) is close to the spectrum recorded on hard rock. It has been shown that the log-averaged spectrum can be considered, in a ¢rst approximation, as an estimate of the reference spectrum (Milana et al. 1996) . At Campi Flegrei, a volcanic area located close to Mt Vesuvius, Del Pezzo et al.
(1993) compared the site transfer functions measured using the log-averaged spectrum as a reference with that obtained using the hard-rock site spectrum. The results are similar.
represents a background t 1 in the low-frequency domain and dt Ã LFj stands for a local deviation from the background t 1 in the low-frequency domain, and subtracting eq. (4) from eq. (3), taking into account that ln I j~l n SI j T ij (all instruments share the same response curve), we obtain
From eq. (4) it is possible to estimate t Ã MLF . If we hypothesize that ln S LFj and dt Ã LFj do not depend on frequency in the frequency band investigated, we can estimate using least squares the site term ln S LFj and the local deviation dt Ã LFj through eq. (5).
For f b f c , under the assumption of an u {2 high-frequency spectral decay,
{2 X This assumption is not justi¢ed by any consideration about the source spectral properties, which are unknown. On the other hand, the coe¤cient of the high-frequency spectral decay has been assumed to be equal to 2 by several authors (e.g. Scherbaum 1990 ), so we used this last value for a useful comparison with most of the data reported in the literature.
Eqs (3) and (4) become, respectively,
and
Subtracting eq. (7) from eq. (6), since Sln K
where
From eq. (7) it is possible to estimate t Ã MHF , and from eq. (8) it is possible to estimate ln S HFj and dt Ã HFj . The local deviations dt Ã j (for both low and high frequencies) can be written as
where Q {1 M represents the average inverse quality factor, and are interpreted as a local-Q e¡ect.
The pulse-broadening method
The pulse-broadening method (Wu & Lees 1996) is based on the measure of the ¢rst P pulse width in the time domain, under the assumption that the quality factor for the seismic medium is constant with frequency. In this case the pulse broadens as a function of station^source distance, and the rise time of the pulse, q, can be written as (Stacey et al. 1975) , where q 0 is the source rise time, o is the wave velocity, C is a constant, and dT and ds are the di¡erential traveltime and path respectively. If Q
{1
P is constant over the path, then
( 1 0 ) The constant C has been estimated by laboratory experimental measurements (Gladwin & Stacey 1974 ) to be 0.5, and a theoretical justi¢cation is given by Kjartasson (1979) . The source rise time can be estimated on velocity seismograms using the time between the linear extrapolation of the rising slope to the time axis and the ¢rst zero crossing (Wu & Lees 1996) .
Separation of intrinsic and scattering attenuation
The total attenuation factor, Q
{1
Total , can be expressed as the sum of the intrinsic dissipation factor and the scattering attenuation factor as
Scattering .
( 1 1 ) Wennerberg (1993) described the possibility of reinterpreting the measured single-station Q
C in terms of multiple scattering. Del Pezzo et al. (1995) applied this method to data from Campi Flegrei and Mt Etna, comparing the results with those obtained for the non-volcanic zone of the Granada basin. They found that at shallow depths the scattering attenuation is the predominant mechanism for both volcanic and non-volcanic rocks. The same approach can be applied to the Q {1 C results obtained for Mt Vesuvius in the present paper. In the case of a 2-D scattering process, Q {1 C measures exactly the intrinsic attenuation, and from the measured Q
Total for S waves, it is possible from eq. (11) to estimate easily the scattering attenuation parameter. In the 3-D case, Q {1 C can be expressed as a function of intrinsic and scattering attenuation parameters by
ß 1999 RAS, GJI 138, 67^76 (Wennerberg 1993) , where 1{2d(c) is {1/(4X44z0X738c), with c~Q
Scattering ut. t is the lapse time and u is the angular frequency. The relationships (11) and (12) can be used as a system of equations to solve for Q
Intrinsic and Q
DATA ANALYSIS AND RESULTS
Q {1 C
We estimated Q {1 C for the Vesuvius area, ¢ltering the coda waves in the frequency bands centred at 3, 6, 12 and 18 Hz. Coda envelopes, A(t, f ), were evaluated taking the rms of the ¢ltered trace and were ¢tted to relationship (1) using n~0X5 under the assumption that the coda is mainly composed of surface waves, and taking logs of both sides of relationship (1). The parameter Q {1 C was calculated for lapse times ¢xed at 8, 10 and 12 s. A detailed description of this procedure is reported in Ibanez et al. (1993) . As no signi¢cant variations of Q {1 C with lapse time in this short range were observed, we averaged Q {1 C over all lapse times for each frequency band. The results are reported in Table 1 . Standard deviations (1p) for the estimates of Q {1 C are always smaller than 15 per cent. In order to make the results reported in Table 1 comparable with those obtained worldwide at n~1, we estimated Q
0X5 ) in the following way. First we normalized relationship (1) (calculated for n~0X5) for the coda amplitude at t~t 0 , where t 0 is the coda starting time, obtaining
Then we generated synthetic coda envelopes using relationship (13) for a wide range of Q
{1
0X5 and for each frequency band, from t 0 to the maximum lapse time. Finally, we ¢tted these envelopes, in a least squares sense, with
In this way we found the relationship between Q {1 0X5 and Q {1 1 for each frequency band (see Fig. 3 ) that can be applied to infer the Q
C factor for a 3-D single-scattering model from the Q {1 C factor obtained for n~0X5.
A comparison with other areas throughout the world can be obtained from the data reported in Fig. 4 . In Fig. 4(a) values of Q
C as a function of frequency for volcanic areas, obtained for lapse times comparable with those used in the present paper, C for Mt Vesuvius due to the low signal to noise ratio at lapse times as long as those used in Fig. 4(b) .
Q {1
P and Q
{1 S
The Fourier spectrum A ij ( f ) was calculated for each earthquake (i) and station ( j) for both P and S waves using the FFT algorithm. A 10 per cent cosine taper was used to taper the time window for P, and a 2.5 per cent cosine taper for S. For P waves we used a time window of 64 points, corresponding to 0.512 s, whilst for S waves we selected a time window of 256 points, corresponding to 2.048 s. The starting point was ¢xed at six samples before the ¢rst onset of P and 10 samples for the S phase. The resulting spectra were then divided by frequency in order to transform them from velocity to displacement, and the corner frequency was visually estimated. The corner frequency values range from 10 to 12 Hz. The average spectrum (averaged over the stations and earthquakes) and the average spectrum for each station (averaged over the earthquakes) are shown in Fig. 5 (a) for P waves and Fig. 5(b) for S waves.
The plots in Figs 5(a) and (b) show that the total average spectrum (Sln A ij T ij both for P and S waves) has a shape characterized by an almost constant slope at low frequency and a rapid frequency decay after the corner frequency. For some stations, the spectra averaged over the events (S ln A ij T i ) show a bump around the corner frequency. This feature may be evidence of a strong site e¡ect in a narrow band between 8 and 13 Hz. This is the reason we excluded this frequency band from our analysis. We performed the analysis described in Section 3.2 in two frequency bands: 2^6 Hz for the P waves and 1^3.5 Hz for the S waves in the low-frequency approximation (eqs 3 and 4), and 15^24 Hz both for P and S waves in the high-frequency approximation (eqs 6 and 7). In this way, in the high-frequency approximation, we perform the analysis for frequencies greater than the corner frequency and smaller than the anti-alias cut-o¡ ¢lter.
Relationships (5) and (8) were ¢tted to the di¡erence between the log average of the spectra (average over the station) and the total log average of spectra respectively in the low-and high-frequency bands; relationships (4) and (7) were ¢tted to the total log average of the spectra, again in the low and high frequency bands. In this way we obtained t Ã MLF , t Ã MHF , dt Ã LFj , dt Ã HFj (where j is the station index) and the station site corrections ln S LFj and ln S HFj for both P and for S waves, under the assumption that they are constant in each frequency band. Results are reported in Tables 2, 3 and 4. 1p per cent errors on these estimates are smaller than 0.1 for t Ã M , 0.2 for dt Ã j and 0.5 for ln S j . The pulse-broadening method was applied to a selected sample of seismograms in which the signal to noise ratio around the ¢rst P pulse was high enough to estimate correctly the ¢rst pulse duration (Fig. 6a) . The data were then ¢tted to relationship (10) and the average Q {1 P was estimated from the slope of the least squares regression. In Fig. 6(b) the results are shown together with the best estimate of Q {1 P X The results are in reasonable agreement with those obtained using the spectral fall-o¡ method.
Separation of intrinsic and scattering attenuation
The application to Mt Vesuvius of the method described in Section 3.4 in two and three dimensions has been done utilizing the Q {1 C calculated at 18 Hz, ¢xing the coe¤cient n of relationship (13) to 0.5 and 1 respectively and the Q {1 Total estimated for direct S waves at high frequency.
Results show that in three dimensions Q
{1
Intrinsic is 5X1|10
{3
and Q
{1
Scattering is 12X0|10 {3 . In two dimensions Q
Intrinsic is 4X2|10
{3 and Q
{1
Scattering is 12X8|10 {3 X In both cases the scattering attenuation is greater than the intrinsic attenuation. This result is comparable with that obtained at Mt Etna by Del Pezzo et al. (1995) . Figure 5 . Log^log plot of the amplitude spectra averaged over the stations ( j) for (a) P waves and (b) S waves. The dashed lines represent the log amplitude spectra averaged over the events (i) and stations ( j). Table 4 . The attenuation correction factors for each station for both P and S waves at low (LF) and high (HF) frequencies. t Ã is in seconds. factor is generally larger in volcanic than in non-volcanic areas, and for shallower than deeper crust. Many researchers interpret the frequency dependence of Q {1 C in terms of tectonic activity, and accept that Q {1 C , estimated using the 3-D singlescattering model, can be considered as a good estimate of the intrinsic Q {1 of the medium (Sato 1993) . At Mt Vesuvius, the estimate of Q {1 C in three dimensions, as reported in Fig. 4(a) , is almost independent of frequency, and outside the range of Q {1 C measured around the world for volcanic areas. Under the assumption of a pure surface wave composition of the coda waves at Mt Vesuvius, the estimate of Q {1 C falls inside the range of Q {1 C measured around the world for similar lapse times. We believe that the hypothesis that coda waves are mostly composed of surface waves holds well for the data used in the present paper. However, we can imagine strong shallow heterogeneities spread over the surface. In this case there is strong surface wave generation, but a leakage of energy as scattered body waves into deeper portions of the crust also occurs. This scattering may be erroneously interpreted as intrinsic loss for surface waves in a 2-D model. Hoshiba (1997) studied the coda wave envelope in depth-dependent S-wave velocity structure with numerical simulations, ¢nding that in the presence of a shallow low-velocity layer which acts as a waveguide almost all the scattered wave energy is trapped in this layer. In this case the leakage of energy into deeper portions would be at a minimum. The seismic events that our database is comprised of are extremely shallow (not deeper than 6 km, but mostly concentrated in the ¢rst 3 km), and this condition favours the generation of surface waves. In addition, a strong shallow velocity contrast is present in the crust at Mt Vesuvius. This can be deduced from the recent results obtained using small arrays of seismometers (De Luca et al. 1997) and from the results of a recent seismic tomography study of Mt Vesuvius (Zollo et al. 1996) . Finally, the topography of Mt Vesuvius, coupled with the shallowness of the seismic source, may favour the generation of reverberations, and consequently the enrichment of surface waves in the early coda. Further support for the hypothesis of a surface wave composition for the early coda wave is given by an array study carried out at Teide volcano . These authors found some correlated surface wave arrivals in the early coda that could be interpreted as waves generated by strong scatterers located near the surface, possibly related to strong irregularities in the topography.
Q {1
P , Q {1 S and the site factor We used a method based on the asymptotic approximation at low and high frequencies of the earthquake spectral source shape instead of the more common approach (Scherbaum 1990) in which the whole spectrum is ¢tted to the theoretical function describing the spectral shape in terms of attenuation, spectral decay at high frequency and source parameters. The present approach is based on the observation that near the corner frequency we observe a spectral bump (an increase of the amplitude level with respect to the theoretically expected smooth decay of the spectral amplitude with frequency; see Figs 5a and b), which we interpret as being produced by site e¡ects. We conclude that this bump is not produced by a source e¡ect because it is not present on the total average spectrum. It is evident for the averaged spectrum at some stations as well as for the spectra of the arti¢cial events recorded in the area at the same stations. A spectral shape di¡erent from that expected for the shear fracture model is sometimes observed for so-called`low-frequency'`type-B' events on active volcanoes. These kinds of events show a spectral shape peaking at a frequency lower than the 4^5 Hz in most cases. However, we observe the spectral bump at around 10 Hz. Moreover, in a previous study carried out on a similar data set, Vilardo et al. (1996) , observing pure double-couple focal mechanisms, interpreted the local seismicity as resulting from a volcano^tectonic process.
The estimates of Q Sato & Fehler (1998) ].
We calculated the average station site corrections ln S j , dt Ã jLF and dt Ã jHF (see relationships 3, 5 and 8) under the assumption that they are constant with frequency in each of the two analysed frequency bands. This assumption does not take into account possible variations of the site ampli¢cation with frequency inside each band. For this reason the average station site corrections represent an estimate of the average site ampli¢cation in each frequency band. Table 3 shows that for S waves the site correction ampli¢cations range from a factor of 8.7 to a factor of 0.2 at high frequency, and from a factor 16 to a factor 0.3 for low frequency. Station SGV shows the highest site ampli¢cation, at both low and high frequencies. These site factors are calculated with respect to a reference given by the log average of the spectra evaluated over the stations and earthquakes. Table 4 shows the dQ {1 corrections evaluated for each station and Fig. 7 shows the distribution of the dQ {1 corrections with the distance between the station position and Figure 7 . Distribution of the local attenuation corrections for P and S waves at low and high frequencies as a function of the distance from the crater. ß 1999 RAS, GJI 138, 67^76 the centre of the volcanic crater. No trends with distance can be recognized, indicating that dQ {1 can be considered strictly as being produced by the site e¡ect.
The dQ {1 factors assume the meaning of a local attenuation correction. Their values range from {0X05 to 0.05 approximately. An analysis carried out by Romero et al. (1997) at Geysers geothermal area show a range of attenuation correction factor values that was wider than ours (about double). In the case of the Geysers area the attenuation anomalies were evaluated on a single source^receiver path, and a tomography study of the region was carried out, which provided evidence of a strong attenuation anomaly related to the steam reservoir which feeds the geothermal ¢eld. In the case of Mt Vesuvius, we could not perform an attenuation tomography study owing to the low number of available digital stations and to the position of the earthquake sources with respect to the station locations. The hypocentres in fact cluster in a very narrow volume, but for a good constraint on a tomographic inversion it is necessary to have a more uniform distribution of source^station paths. In the Mt Vesuvius area dQ {1 corrections are smaller than those obtained at the Geysers, possibly because they represent the very local di¡erential deviations from the average attenuation of the area, and in this sense can be considered only as station corrections.
In Table 5 the dQ
S ratio is compared with unity for both low and high frequencies. Only for station BKN, at both high and low frequencies, is dQ values. Since dQ {1 represents a local di¡erential attenuation coe¤cient, this result can be interpreted as arising from the strong microfracturing of the shallow rocks comprising the volcanic structure (Bianco et al. 1998), which could produce, near the surface, a stronger attenuation for S waves than for P waves. This result can be compared with that obtained for the NW Geysers area, where a high S-wave di¡erential attenuation was measured at the surface (Romero et al. 1997 ) . The present interpretation agrees with the shallow anisotropic volume observed in the ¢rst 2 km of the upper crust at Mt Vesuvius (Bianco et al. 1998) , as well as in the Geysers area (Evans et al. 1995) .
Another interesting comparison can be made, this time with the Coso geothermal area, California (Wu & Lees 1996) , where an estimate of the quality factor for P waves was carried out using a database of low-magnitude earthquakes with the same characteristics as those used in the present study. Wu & Lees (1996) found Q P values of the order of 36 in the hydrothermally altered volcanic materials, in contrast with values of Q P~8 0 in the surrounding rock. They interpreted the low-Q zone as being related to an uprising magma accumulation, even though the extent of the magma body was unconstrained by their tomographic approach. In the case of Mt Vesuvius we have no evidences of shallow magma chambers (Zollo et al. 1996) . Furthermore, the present study indicates that the attenuation at Mt Vesuvius can be interpreted as being produced by a predominant scattering mechanism, rather than by intrinsic dissipation, which would be the predominant mechanism in the presence of a magma chamber. As evidenced by the results of the separation of the intrinsic and scattering attenuation, at Mt Vesuvius the role of shallow heterogeneities producing the scattering losses seems to be more important than that of an intrinsic dissipation mechanism.
It would be interesting to perform the same study as the one we have carried out on Mt Vesuvius, for which there is no evidence of magma chambers, on other volcanoes in which a shallow magma chamber is present in the ¢rst few kilometres of the shallow crust. This comparison could assign to the attenuation measurements, and in particular to the separate estimates of intrinsic and scattering attenuation parameters, the role of an indirect indicator of the possible presence of a magma chamber. Table 5 . The ratio between the attenuation factor correction of P and S waves for each station at low and high frequencies. 
Station (dQ
